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Summary. The ultrastructural characteristics of the sporogenesis of Myxobolus, which infect the brachial arches of Mugil cephalus, is pre-
sented. The prevalence of infection was 52.7%. The ultrastructural features of the Myxobolus species studied in general comply with known 
features of this genus. Based on the ultrastructural morphology and specificity to the host organ, we conclude that this species is Myxobolus 
ichkeulensis (Bahri and Marques 1996). 
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INTRODUCTION
The Mugilidae are widely distributed, particularly 
so Mugil cephalus. They are euryhaline fish that are 
found around the globe. They have been used for cen-
turies as a source of food for humans in different parts 
of the world. They are intensively and semi-intensively 
farmed throughout the Mediterranean, from the Span-
ish coast as far as Israel (Merella and Garippa 2001). 
M. cephalus ovaries produces botargo (salted and dried 
grey mullet roes), a product of great economic value, 
known as the ‘caviar of the Mediterranean.’ This justi-
fies the considerable interest in farming this species. The 
importance of mullet for aquaculture and the pathologic 
potential of some parasites, in particular Myxosporea, 
motivates their detailed study.
Fish constitute a favourite biotope of a large number 
of organisms, including Myxosporea (Lom and Dyková 
1992, J. Kent et al. 2001). Myxosporean epizootics are 
believed to be a direct cause of fish mortality (Lom and 
Dyková 1995, Rigos et al. 1999, Brown and Bruno 
2006).
Site selection and the specific location of Myxozoa 
infecting the gills have been studied in detail by Molnár 
(2002). Apparently, the gills are the primary and most 
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common site of infection for most parasites, though 
they can be found at other sites: gill arches, kidneys, 
fins, gall bladder, eyes, swimbladder and in various 
other tissues.
The genus Myxobolus is the largest group of Myxo-
sporea, and its members are important pathogens of 
freshwater and marine fish in several geographical ar-
eas (Eiras et al. 2005).
Studies of the ultrastructure of Myxosporea al-
low the different species to be precisely identified. 
Studies of the ultrastructure of Myxobolus genus in-
clude, among others: Mitchell et al. (1985), Bahri and 
Marques (1996), Fall et al. (1997), Ali et al. (2003), 
Abdel-Ghaffar et al. (2005), Ali et al. (2007), Adriano 
et al. (2009), Azevedo et al. (2010).
Here, for the first time, we present both, light and 
electron microscope data, concerning a myxosporean 
species found infecting the gills of the teleostean fish, 
M. cephalus. Some ultrastructural aspects of the plas-
modium, developmental stages and capsulogenic pro-
cesses are described and discussed. This work forms 
part of ongoing research into parasites from fish of in-
terest for aquaculture in NE Spain.
MATERIAL AND METHODS
A total of 192 specimens of grey mullet (mean length: 17.4 ± 1.3 
cm; mean weight: 50.6 ± 11.0 g) were collected periodically from a 
brackish coastal lagoon known as l’Encanyissada, within the Ebro 
Delta River (this lagoon was selected as representative of coastal 
lagoons in NE Spain). Each hemibranch was excised and checked 
for myxozoan plasmodia under a stereo microscope. Plasmodia 
infecting the gill arches (gill arch type, Molnar 2002) were care-
fully removed from the tissues and studied in fresh smears under a 
compound microscope, or processed for ultrastructural studies (both 
transmission – TEM – and scanning – SEM – electron microscopy) 
following Gracia et al. (1997). Spore measurements were taken as 
described in Lom and Arthur (1989). Prevalence was used accord-
ing to Bush et al. (1997).
RESULTS
Gill infection by a species of Myxosporea was found 
in 52.78% of the examined fish. Parasite formed elon-
gate whitish cyst masses (1–4 mm in length) distributed 
at the base of the gill arches (Fig. 1). The number of 
cysts found on each fish varied from 3 to 11.
Asynchronous histozoic plasmodia containing sev-
eral developmental stages of the parasite in the endo-
Figs 1–3. Myxobolus ichkeulensis. Life cycle stages of the parasite 
from the gill arches of Mugil cephalus. 1 – Plasmodia of Myxobolus 
ichkeulensis developed on the surface of the gill arch (arrow). Fresh 
preparation. Scale bar: 3 mm; 2 – fresh mature spore of Myxobolus 
ichkeulensis released from a plasmodium. Frontal view. Note the 
discharged polar filament (PF). Scale bar: 10 µm; 3 – scanning elec-
tron micrograph of the spore. Note the elongated shape of the dis-
charging orifice of the polar filament (arrow) and a discharged polar 
filament (PF). SEM. Scale bar: 10 µm.
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plasm were observed (generative cells, immature and 
mature spores) (Fig. 4). TEM revealed that polysporous 
plasmodia present an external layer of connective tissue 
(host tissue) in contact with a single plasmodial mem-
brane (Fig. 4).
Spores were typical of the genus Myxobolus Bütsch-
li, 1882, as they were rounded, almost spherical in val-
vular view and biconvex in sutural view, and the shell 
valves were smooth with no projections (Figs 2–3). 
They measured 10.5–11.3 µm in length and 9.0–11.0 
µm in width. No mucus envelope was observed at the 
surface of the spore. The spores consisted of two equal-
ly dense valves adhering together along the suture line 
forming the wall (Figs 5–9). Spores had from nine to 
eleven sutural marks along the sutural edge. Internally, 
two capsulogenic cells, located side by side, contained 
prominent, oval, equally smooth polar capsules, locat-
ed symmetrically about the spore axis, and measuring 
about 3.28 µm × 2.09 µm. Inside the polar capsules, a 
polar filament displayed 4 or 5 coils. Polar capsules did 
not extend past the mid-length of the spore. No inter-
capsular appendix was present. At the posterior pole of 
the spore, a binucleated sporoplasm contained numer-
ous electron-dense vesicles.
Based on the ultrastructural morphology and speci-
ficity to the host organ we concluded that this species is 
Myxobolus ichkeulensis Bahri and Marques, 1996.
DISCUSSION
The Myxobolus species studied is histozoic, and 
colonises the cartilage of the gill arch of M. cephalus. 
The genus Myxobolus Bütschli, 1882 is mainly rep-
resented by gill histozoic Myxosporea (Sakiti et al., 
1991), which can cause different pathogenic effects, 
due to weakening of the cartilaginous tissues of the gill 
arches. It is important to specify the location within the 
gill precisely, as first pointed out by Paperna (1973).
Myxobolus species belonging to the group of fish 
gill parasites, are characterised by strict tissue specific-
ity (Molnár 2002), so that each of them can always be 
collected from its characteristic location. Variation in 
the host response is related to the site of infection (Egu-
sa et al. 1989). Similar spores can occur in the same 
tissues of different hosts.
There are 744 nominal species of Myxobolus list-
ed (Eiras et al. 2005). Of these, 21 species have been 
described as infecting different organs of M. cephalus 
(Eiras and D’Souza 2004). The species of the genus 
Myxobolus described account for about 55.11% of the 
Myxosporea. There have been numerous synonymies 
within the genus Myxobolus because of the morpholog-
ical similarities between many species (Lom and Arthur 
1989). 
The specimens studied were first compared with 
all the Myxobolus species described for M. cephalus. 
The identification of Myxobolus species is principally 
based on spore morphology. The material present was 
also compared with the full characteristics of species of 
Myxobolus representing nearly all the species described 
to date (Eiras et al. 2005). 
Comparison of the plasmodium characteristics and 
sporogenesis of the life-cycle stages of this species to 
those of other Myxobolus spp. also revealed morpho-
logic and ultrastructural similarities. The mature spores 
obtained from gill arches of M. cephalus revealed mor-
phological similarities to those of the genus Myxobolus 
Bütschli, 1882 (family Myxobolidae). 
Myxobolus species spores originate from uninuclear 
generative cells and have valve cells, capsule cells and 
sporoplasm (Lom and de Puytorac 1965, Fomena 1995, 
Bahri and Marques 1996). We compared our species 
with descriptions of other Myxobolus species paying 
particular attention to spore size and number of coils of 
the polar filament. Comparing these results with those 
obtained for different Myxobolus spp. particularly with 
the twenty one species described in M. cephalus, we 
observed several morphological similarities with M. 
ichkeulensis: based on these similarities, and the ultra-
structural morphology and specificity to the host organ, 
we concluded that this species is Myxobolus ichkeulen-
sis Bahri and Marques, 1996.
The histozoic species of Myxosporea are the most 
pathogenic and susceptible to cause important lesions 
that can be fatal (Shariff 1982, Lom and Dyková 1992). 
The parasites found in this study may represent a poten-
tial risk for fish farms. Myxobolus sp. can cause lesions 
that serve as a gateway to secondary viral and bacte-
rial infections. Most Myxosporea are tolerated by their 
hosts, but some species can be responsible of epizootic 
diseases in wild and cultured fish.
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Figs 4–9. Myxobolus ichkeulensis. Life cycle stages of the parasite from the gill arches of Mugil cephalus. 4 – ultrathin section of the pe-
riphery of a plasmodium (arrowheads) showing a surrounding connective tissue layer (CT) and internally a spore in formation. Note two 
sporoplasm nucleus (*) and two valvogenic nucleus (VN). TEM. Scale bar: 2 µm; 5 – ultrathin section of polysporous plasmodium with 
spores at different stages of development. Spores in formation (A, B), mature spore (C). TEM. Scale bar: 1 µm; 6 – ultrathin transverse sec-
tion of a spore. Valvogenic cells (VC), suture (S), capsulogenic cell nucleus (CCN), polar capsule (PC), polar filament (PF). TEM. Scale bar: 
1 µm; 7 – ultrathin section of a mature spore with two capsulogenic cells showing valvogenic cells (VC), valvogenic cell nucleus (VCN), 
suture (S), capsulogenic cell nucleus (CCN), polar capsule (PC), sporoplasm nucleus (SPN) and sutural marks (SM). TEM. Scale bar: 1 µm; 
8 – Ultrathin section of a mature spore. Valvogenic cells (VC), valvogenic cell nucleus (VCN), suture (S), capsulogenic cell nucleus (CCN), 
polar capsule (PC), sporoplasm nucleus (SPN) and sutural marks (SM). TEM. Scale bar: 2 µm; 9 – ultrathin transverse section through a 
mature spore. TEM. Scale bar: 2 µm. 
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